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INTRODUCTION 
The purpose o f  th is  p r o j e c t  i s  t o  develop a  method of o b t a i n i n g  
qua1 i t y  photographs o f  o c u l a r  s t r u c t u r e s ,  p a r t i c u l a r l y  t h e  fundus,  
I 
! 
using t h e  s l i t - l a m p  biomicroscope and a  convex f i e l d  l e n s ,  s i m i l a r  $ 
3 
i n  p r i n c i p l e  t o  i n d i r e c t  ophthalmoscopy. I t  i s  t h e  a u t h o r s '  i n t e n -  1 
t i o n s  t o  develop a  system f o r  photodocumentation which would conve r t  1 I 1 
a  non-photographic s l  i t- lamp biomicroscope t o  one w i t h  capab i l  i t i e s  L 
I 
o f  both a n t e r i o r  and p o s t e r i o r  ocul a r  photography. i ! I 
I t  i s  t h e  op in ion  o f  t h e  au tho r s  t h a t  o c u l a r  photography i s  a  ! I 
much needed too l  i n  t h e  op tomet r ic  p ro f e s s ion .  Photodocumentation I L i 
can provide a c c u r a t e  and unbiased b a s e l i n e  d a t e ,  moni tor  t h e  progres-  I 
s i o n  o f  o c u l a r  d i s e a s e ,  f a c i l  i t a t e  i n t e r p r o f e s s i o n a l  communication 1 I 
and provide added l e g a l  p r o t e c t i o n  f o r  t h e  o p t o m e t r i s t .  1 i 
The a u t h o r s  be1 i e v e  t h a t  one o f  t h e  drawbacks t o  o c u l a r  photo- / I 
graphy i s  t h e  c o s t  of  photographic  equipment.  For th is  reason t h e  F I 
i 
au tho r s  have u t i l i z e d  a  non-photographic sl i t -1  amp, one which may i I 
a l r e a d y  be e x i s t e n t  i n  t h e  average  op tomet r ic  o f f i c e .  
I 
Also,  by i n c r e a s i n g  t h e  number o f  photo s l i t - l a m p s  a t  t h e  j 
I 
P a c i f i c  Un ive r s i t y  Optometry c l i n i c ,  i t  w i l l  g ive  more i n t e r e s t e d  1 
8 
s t u d e n t s  and f a c u l t y  expe r i en ce  i n  s l i t - l a m p  photography. 
j 
a. 
8 
I 
1 
f a 
9 
t 
1 
i 1 
1 
I 
HISTORICAL ,REVIEW 
Aubert and Greenough, i n  1891, developed a  t r u l y  s tereoscopic  
microscope. Czapski and Schatz modified t h i s  microscope in 1897, and 
t h i s  basic design i s  s t i l l  found in  many modern s l i t  lamps.' I n  1911, 
2 Gullstrand presented h i s  f i r s t  model of  the  s l  it- lamp and the  op t i ca l  
pr inc ip les  underlying i t s  use. The Gullstrand lamp was combined with 
the  Czapski microscope on one stand by Henker in  1916 as  the  f i r s t  
t r u e  s l  i  t-1 amp biomicroscope. 1  
3  In 1918, Koeppe was the  f i r s t  t o  attempt examination of  the  fundus 
with t h e  s l i t- lamp.  This was accomplished by using a  plano f r o n t  sur-  
face contac t  lens  which abolished the  r e f r a c t i v e  power of  the  eye. He 
at tached a  mirror  i n  f r o n t  of the  i l luminating lens  in order  t o  bring 
the  axes of i l luminat ion  and observation nearly para1 1  el . 
Valois and ~ e m o i n e ~  (1 923) used a  concave (-55D) 1  ens placed in  
f r o n t  of  the  eye instead o f  a  contac t  lens  a s  used by Koeppe. 
5 Zamehoff was ab le  t o  modify Gul l s t r and ' s  s l i t  lamp in such a  way as  
t o  projec t  a  s l i t  on t o  t h e  fundus which could be viewed binocularly 
and stereoscopical  l y .  
6 Goldmann (1937) made improvements i n  the  methods of  fundus exa- 
mination with the  use of a  Haag S t r e i t  s l i t - l amp,  a  contact  l ens ,  and 
a  Goldmann reduction prism which permitted the  angle of  observation 
and i l lumination t o  be reduced t o  f i v e  degrees. 
7 Hruby (1 940, 1941 , 1942) advanced the  idea of  Val o i s  and Lemoine 
with h i s  "minus g l a s s " ,  a  -58D lens  held c lose  t o  but not in  contac t  
with the  eye. (Figure 2 )  
8  Littman (1950) introduced the  Zeiss-Opton s l i t - l amp biomicroscope ' 
which allowed t h e  l i g h t  source t o  be moved across the  axis  of  
3 
observation. This did away with the  need f o r  the  Goldmann reduction 
prism, i t  was now possible t o  reduce the  i l  luniination-observation 
angle t o  zero. 
9 El Bayadi was the  f i r s t  t o  attempt the  use of  a  convex ' lens 
( t 6 0 D )  in much the  same way as  i s  done in  i n d i r e c t  ophthalmoscopy. 
(Figure 2 )  He was able  t o  view a  real  inverted image of the  fundus 
binocularly and i n  s t e r e o .  This system produced a f i e l d  of view equal 
4 
METHODOLOGY 
This  t h e s i s  p r o j e c t  i s  b a s i c a l l y  an equipment mod i f i c a t i on  pro- 
cedure  so  a  g r e a t  deal  o f  t h e  t ime was s p e n t  i n  d e s ign ing  and bu i l d ing  
t h e  modif ied a t t achments  used i n  t h e  system.  The work done can be 
d iv ided  up i n t o  fou r  major a r e a s .  The f i r s t  p a r t  o f  t h e  p r o j e c t  was 
t o  f a m i l i a r i z e  t h e  a u t h o r s  w i t h  and become p r o f i c i e n t  wi th  t a k i n g  
s l  i t-1 amp and fundus photographs wi th  t r a d i t i o n a l  equipment. The 
second s t a g e  involved o rgan i z i ng  a  f i l i n g  system f o r  t h e  photographs 
and s l i d e s  t h a t  were t aken .  The t h i r d  p a r t  involved t h e  des ign  and 
c o n s t r u c t i o n  o f  t h e  a d a p t o r s  used i n  t h e  p r o j e c t .  The f o u r t h  and 
f i n a l  s t a g e  involved t h e  a c t u a l  implementation o f  t h e  photography 
through t h e  modif ied system.  
The a u t h o r s  were f o r t u n a t e  t o  be a b l e  t o  develop s k i l l s  i n  o c u l a r  
photography whi le  p a r t i c i p a t i n g  i n  a c l i n i c a l  r o t a t i o n  through t h e  
Veterans Adminis t ra t ion  Optometry c l i n i c  l o c a t e d  i n  Vancouver, Washing- 
t o n ,  and Tacoma, Washington. The p a t i e n t  popula t ion  a f fo rded  a  wide 
v a r i a t i o n  i n  pa tho log i ca l  c o n d i t i o n s  t h a t  needed t o  be photographed. 
The photographs were ob t a ined  us ing  a  Topcon fundus camera, a  Topcon 
55 photo s l i t - l a m p ,  and a  Kowa p o r t a b l e  fundus camera. This  exper-  
ience  was ve ry  va luab l e  not  on ly  fo rmula t ing  t h e  t echn ique  o f  o c u l a r  
photography, bu t  a1 so  t o  develop an unders tand ing  o f  t h e  p r i nc i  pl e s  
involved i n  t h e  i n s t rumen ta t i on  t h a t  l e d  t o  t h e  va r i ous  mod i f i c a t i ons  
used i n  this  p r o j e c t .  
The method o f  c a t a l o g i n g  and f i l i n g  o f  t h e  s l i d e s  was designed 
with  t h e  emphasis on making s u r e  t h e  proper  name was on t h e  s l i d e .  
The a u t h o r s  f e l t  i t  ex t remely  impor tan t  t h a t  t h e  c o r r e c t  name was 
p u t  on the  s l i d e  fo r  the p a t i e n t ' s  benefi t  as  well a s  the p rac t i -  
t i o n e r ' s  protection.  The method designed was imp1 emented in the  
Vancouver V . A .  c l i n i c .  The f i r s t  and most important procedure was to  
enter  o n  the per t inent  information in to  the log book t h a t  i s  adjacent 
to  each camera. The ro l l  number of each r o l l  of film was recorded a t  
the top of the page and then there  were spaces f o r  the 36 en t r i e s  for  
tha t  r o l l .  The information required included the  name number; the 
p a t i e n t ' s  name, age,*and sex; the eye t ha t  was being taken; and a  
br ief  history and condition t ha t  was being photographed. A t  the  end 
of the ro l l  the film was sen t  out f o r  processing and when returned 
each s l i d e  had t o  be labeled according t o  the information t ha t  was 
contained in the  log book. A code system was used t o  i n i t i a l l y  iden- 
t i f y  the s l i d e  and was placed on the  s l i d e  upon receiving i t  back from 
the l ab .  (Figure 1  ) F 10/3. o r  A 4/10 a r e  examples of the  code with 
F standing fo r  Funuds, 10 being the tenth ro l l  of the year,  and 3  
being the  th i rd  s l i d e  on t ha t  r o l l .  The A in the other code repre- 
sented an te r io r  segment which was obtained from the sl i t- lamp camera. 
After the i n i t i a l  coding, the s l i de s  were then projected and those 
tha t  were of poor qua1 i  ty  were eliminated. The next s t ep  was t o  
record the  information contained in the  log book in dupl i c a t e  on 
pre-printed f i l e  cards ,  one of which was placed i n  the  p a t i e n t ' s  f i l e  
and the other in a  separate  alphabetized card f i l e .  The name, da t e ,  
eye, and condition was then printed on the s l i d e  holder for  eas ie r  
iden t i f i ca t ion .  The s l i de s  were then f i l e d  in a  storage case in  
'a1 phabetical order .  
With the knowledge and s k i l l  obtained in ocular photography the  
authors were now ready t o  undertake the  task of converting an exis t ing 
Haag S t r e i t  design s l  it- lamp in to  a  functional photo s l i t- lamp with the  
6 
lowest cos t  poss ib le .  After  numerous design changes and theore t i ca l  
ca lcu la t ions ,  the  prel iminary spec i f i ca t ing  were ar r ived a t .  The 
camera body adaptor i s  a  modification o f  the  one designed by Neben 
and Puckett a t  Paci f ic  in 1978 and described in ~ u a n e ' s  .'
  he adaptor 
i s  designed t o  incorporate the  ocular  l ens  of  the  s l i t - l amp i n t o  the  
camera body without the  normal 50 mm camera l e n s .  The vertex d is tance  
r 
from the  plane of the  f i lm of the  camera t o  the  ocular  lens  was de te r-  
mined on a  t r i a l  and e r r o r  bas is .  The camera was placed o n  a  t r ipod 
and moved back and f o r t h  while a l s o  adjus t ing  the  focus on the  ocular  
t o  ge t  a  c l e a r  view of the  focus rod in the  camera view f inder .  The 
lens was a l s o  adjusted back out  of the  s leeve  t o  change the  vergence 
a s  needed. Measurements were then taken of  the  d is tances  found with 
both the  10X and the  16X eyepieces. The adaptor was then machined 
o u t  of so l id  core  aluminum o n  a  metal l a t h e .  The precision was such 
\ 
t h a t  the  lens  would j u s t  s l i p  i n t o  the  adaptor  with no excessive move- 
ment. The T-mount was then se lec ted  f o r  the  camera back t h a t  was t o  
be used and then at tached t o  the  adaptoi-. The camera can then be 
mounted t o  the  s l i t - l amp and adjusted t o  ge t  a  c l e a r  view of the  focus 
bar through the  view f i n d e r .  
The next task  was t o  introduce a  s t robe  f l a s h  i n t o  the  o p t i c s  
of the  s l i t - l amp i l luminat ion  system. I t  was decided t o  accomplish 
t h i s  i n  a  manner s imi la r  t o  t h a t  of Nikon and Topcon i n  t h a t  the  
l i g h t  source i s  moved u p  and the  s t robe  introduced where the  lamp was 
located.  (Figure 5 )  The 1 ens values and d is tances  were ca lcula ted  
and the  adaptor  was again machined out  of  aluminum with d is tance  
refinements made on a  t r i a l  and e r r o r  method. (Figure 3 )  The image 
of the  lamp fi lament was formed on the  mirror  using white paper and 
the  lamp was then focused by changing the  d is tances  on both s ides  of 
t h e  l e n s e s .  The s t r o b e  was m o d i f i e d  b y  remov ing  t h e  b u l b  f r o m  t h e  
hous ing  and c o n n e c t i n g  t h e  new b u l b  b y  w i r e s  t h a t  t h e n  a l l o w s  t h e  
power s o u r c e  t o  be s e p a r a t e d  f r o m  t h e  s t r o b e  b u l  b  b y  a  d i s t a n c e  o f  
two f e e t .  The b u l b  was t h e n  g l u e d  t o  t h e  a d a p t o r  h o u s i n g  e x a c t l y  i n  
t h e  m i d d l e  o f  t h e  o p e n i n g  f o r  t h e  1 enses.  The lamp h o u s i n g  was t h e n  
a t t a c h e d  t o  t h e  a d a p t o r  u s i n g  t h e  t h r e a d e d  b o l t s  f r o m  t h e  s l  i t - l a m p  
t h a t  a r e  now screwed i n t o  t h e  a d a p t o r .  The 1  i g h t  i s  now a b l e  t o  go 
t h r o u g h  t h e  s t r o b e  b u l b  t o  i l l u n i i n a t e  t h e  eye and t h e n  t h e  s t r o b e  c a n  
be f i r e d  f o r  t h e  h i g h  i n t e n s i t y ,  s h o r t  d u r a t i o n  p u l s e  o f  l i g h t  needed 
t o  make t h e  image o n  t h e  pho tog raph .  The f i l l  f l a s h  was an  e x t e r n a l  
f l a s h  t h a t  was added t o  g e t  a  more u n i f o r m  i l l u m i n a t i o n  o v e r  t h e  e n t i r e  
f u l l  f i e l d  o f  v i ew .  The f l a s h  was mounted o n  t h e  t a b l e  w i t h  a  f l a s h  
shoe and t h e  f l a s h  t u b e  i s  a n g l e d  up  45"  t o  d i r e c t l y  i l l u m i n a t e  t h e  
e n t i r e  a r e a  a round  t h e  globe,. The amount o f  f l a s h  was r e g u l a t e d  by  
a d j u s t i n g  t h e  v a r i p o w e r  on  t h e  f l a s h .  The s e t t i n g  f o r  t h e  v a r i p o w e r  
was d e t e r m i n e d  b y  t a k i n g  c o n j u n c t i v a l  pho tos  a t  each m a g n i f i c a t i o n  and 
a t  each power s e t t i n g .  
The l e n s  f o r  i m a g i n g  t h e  fundus i s  a  m u l t i - c o a t e d  a s p h e r i c  l e n s  
mounted i n  a  h o u s i n g  t h a t  was machined t o  p u t  t h e  f o c u s  o f  t h e  l e n s  
i n  t h e  c e n t e r  o f  t h e  b a r  t h a t  i s  mounted i n  t h e  f o c u s  r o d  h o l e  o n  t h e  
s l i t - l a m p .  ( F i g u r e  7 )  The f o c u s  o f  t h e  l e n s  was measured on an  
o p t i c a l  bench and t h i s  d i s t a n c e  i n  f r o n t  o f  t h e  !ens i s  f i x e d  i n  
t h e  l e n s  h o l d e r  and a t  a  f i x e d  d i s t a n c e  i n  f r o n t  o f  t h e  s l i t - l a m p .  
f t e r  c o m p l e t i o n  o f  a l l  o f  t h e  a d a p t o r s  f o r  t h e  system, t h e  n  
s t e p  was t o  imp lement  i t .  The s t r o b e  a d a p t o r  was mounted i n t o  t h e  
i l l u m i n a t i o n  sys tem o f  t h e  camera a d a p t o r  mounted t o  t h e  camera body 
and t h e n  t o  t h e  s l i t - l a m p .  Photographs were t h e n  t a k e n  o f  v a r i o u s  

The r e s u l t s  of t h i s  projec t  proved t o  be very promising f o r  being 
able  t o  implement t h i s  system in to  the  o f f i c e  of the  eye ca re  s p e c i a l i s t .  
The corneal p ic tures  obtained appeared t o  be of very s imi la r  qua l i ty  
t o  t h a t  obtained on the  commercially ava i l ab le  photo s l  i t- lamp. I t  
was only a t  the  highest magnification using the  o p t i c  sec t ion  t h a t  
the re  was not enough l i g h t  t o  image the  e n t i r e  height of the  camera. 
The fundus photographs were nearly a s  'sharp and of s imi la r  f i e l d  s i z e  
as t h a t  of the  Olympus fundus camera. (Appendix E )  There a r e  same 
specular  ref7 exes from the  1  ens b u t  they a r e  positioned below and 
out  of the  way of the  desired ocular  s t r u c t u r e s .  
This system i s  f l e x i b l e  i n  design i n  t h a t  you can use the  whole 
system or  only pa r t s  of  i t .  For exampf e  the  1  e a s t  expensive i s  t o  
use only the  camera body and use the  ava i l ab le  l i g h t  of the  illumina- 
t ion  system. The main drawback of t h i s  i s  the  long exposure times 
t h a t  qu i t e  of ten  can lead t o  blurred images. In order  t o  a id  in  the 
f u l l  f i e l d  i l lumination of ocular  s t r u c t u r e s  t h a t  d o n ' t  requi re  a  
corneal sec t ion  the  external f l a s h  can be used. This may a l s o  be of 
use o f  conjunctiva,  l i d s ,  and contac t  l e n s  f i t  evaluat ions .  The most 
expensive par t  o f  the  system i s  the  i l luminat ion  f l a s h  which i s  a  
grea t  a id  i n  reducing blur  and pa t i en t  discomfort .  The high inten-  
s i t y  of  the s t robe  i s  needed f o r  l ens  and c a t a r a c t  evaluat ions a s  
well a s  f o r  using the  fundus l ens .  
I t  i s  the  opinion of  the  authors t h a t  ocular  photography i s  a  
very important adjunct  t o  the  prac t ice  of  optometry. The s l i d e s  form 
a valuable comparison f o r  monitoring condit ions over time. I t  can be 
very helpful fo r  r e f e r r i n g  pa t i en t s  a s  well a s  com~nunicating with the  
p a t i e n t ' s  family physician. The photographs a l s o  o f f e r  a  way o f  prac- 
t i c e  building in  o f fe r ing  a  service  not a l ready ava i l ab le  i n  the  I I 
I 
communi t y  . I 
This system can be used with any 35 mm sing1 e  1  ens r e f l ex  camera 1 
body t h a t  one may already have in h is  possession. I f  a  new camera i s  
1 
1 
i 
i 
needed the  authors recommend the  Nikon FE f o r  i t s  v e r s a t i l  i t y .  I t  has B i 
e 
the  a b i l i t y  t o  change the  in ternal  focusing screen t o  the  matte I a 
f i n i s h  t h a t  i s  needed t o  ge t  a  c l e a r  image in  the  view f inder .  I t  1 I 
n" e 
a l so  has the  automatic exposure f ea tu re  t h a t  can be used f o r  ava i l ab le  1 i 
l i g h t  i f  t he  f l a s h  system i s  not used. I 
The authors bel ieve t h a t  t h i s  system can be econonically used i n  I 5 
the  Optometris t ' s  o f f i c e  t o  successful ly  imp1 ement s e t t i n g  u p  ocular  1 2 
B 
photography. This complete system can be p u t  together  fo r  l e s s  than 1 
300 d o l l a r s  i f  you have a  camera body and someone t h a t  can do the  
1 
I 
8 
t 
machining f o r  you o r  t o  do i t  yourse l f .  (Appendix F )  There a r e  some 1 
modifications and improvements t h a t  wil l  be made i n  the  fu ture  t o  I 
I 
perfec t  the  system. The f i l i n g  system appears t o  involve a  l o t  of I 1 
work but i f  ocular  photography i s  going t o  be used in  the  o f f i c e  i t  1 1 I 
should be s e t  u p  c o r r e c t l y  because the re  i s  no sense in  having s l i d e s  I 
i f  they cannot be found l a t e r  when needed f o r  comparison purposes. 1 
A data back can be purchased t h a t  will  imprint a  code number and the  1 1 
i date  d i r e c t l y  on the  f i lm and t h i s  could be an advantage f o r  legal  I 
S 
protect ion as  well a s  being a  time saver in the  long run.  k 1 
CONCLUSION 
The authors have developed a  system t h a t  can be used t o  f u r t h e r  
benef i t  t he  p rac t i ce  of optometry. I t  i s  much l e s s  expensive than 
buying a  complete photo s l i t- lamp or  buying a  commercially ava i l ab le  
conversion packagethat  wi l l  add a t  l e a s t  2 ,000 d o l l a r s  t o  the  pr ice  
of a  s l i t- lamp.  A n  i n t e r e s t i n g  aspect  of the  system t h a t  was a  s ide  
l i n e  was the  use of the  fundus lens  fo r  examination of the  fundus 
s imi la r  t o  the  binocular i n d i r e c t  ophthalmoscope. e  6 )  The 
lens  gives a  35" view with a  magnification of  7.2X which i s  about ha1 f 
t h a t  of  a  d i r e c t  ophthalmoscope and two t o  th ree  times more magnifi- 
ca t ion  than the  binocular i n d i r e c t  ophthalmoscope. This projec t  has 
been very useful in  teaching the  authors the  s k i l l  i n  using ocular  
). 
1 2  
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